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Abstract

26
The study of uranium-series (U-series) isotopes in soil and sediment materials has been 27 proposed to quantify rates and timescales of soil production and sediment transport. Previous 28 works have studied bulk soil or sediment material, which is a complex assemblage of primary 29 and secondary minerals and organic compounds. However, the approach relies on the 30 fractionation between U-series isotopes in primary minerals since they were liberated from 31 the parent rock via weathering. In addition, secondary minerals and organic compounds have 32 their own isotopic compositions such that the composition of the bulk material may not 33 reflect that of primary minerals. Hence, there is a need for a sample preparation procedure 34 that allows the isolation of primary minerals in soil or fluvial sediment samples. In this study, 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 1. Introduction
58
Chemical weathering plays a major role in the evolution of the Earth's surface. As 59 such, it is important to constrain timescales of weathering processes during soil production 60 and sediment transfer to better understand rates of landscape evolution. Over the past decade, isotopes are ideal tools to constrain such timescales as they fractionate during rock-water 66 interaction and their decay rate is such that radioactive disequilibrium operates on timescales 67 similar to that of weathering processes. For a system closed for more than one million years
68
(e.g. bedrock older than lower-Pleistocene), the 238 U-234 U- 230 Th isotope system will be in 69 secular equilibrium; i.e., the parent-daughter activity ratios will be 1. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 homogenized in an agate mortar and then sub-sampled for XRD and uranium-series analysis.
209
The sequential leaching and clay separation procedure is summarized in Table 1 .
210
Particle size distributions of the samples were obtained using a Malvern Mastersizer 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 9 concentration than TL1 and TL2 which were sequentially leached and had the < 2 µm size 248 fraction removed (here after referred to as 'leached') ( Fig. 1) The unleached soil aliquot (FLU) has a particle size distribution with a modal 268 diameter of 30.7 µm and a clay-sized fraction (< 2 µm) of 10.8 wt. % (Table 2) 
274
The unleached soil aliquot consists of 69.3 wt. % quartz, 16.9 wt. % albite and 13.7 275 wt. % microcline (Table 2) . At every step of the leaching procedure, the abundance of 276 minerals varies by less than 2% compared to the initial mineral abundance (Fig. 4) .
277
Authigenic phases were not detected by XRD in any of the leached or unleached aliquots. 8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 10 U and Th elemental and isotopic data are shown in Table 2 (Fig. 5) .
286
The activity ratios decreased over the leaching procedure although inreases were also (Fig. 1) .
301
The U-series elemental and isotopic data of the rock standards show that the attributed to the dissolution of primary minerals and/or removal of the < 2 µm size fraction.
308
Surface etching of primary minerals by dissolution occurs in the presence of weak organic artefactual U-series disequilibrium.
351
The median particle size of the soil sample does not seem to be affected by the clay-
352
size fraction separation step. However, the aliquot subjected to sequential leaching and
353
removal of the clay-sized fraction (FL4) showed a small increase (6%, compared to 3%
354
reproducibility for this instrument) in the median particle size. The minor change median 355 particle size is due to the removal of finer fraction.
356
The leaching and separation procedure did not affect the relative proportions of the all steps of the sequential leaching procedure did not show any significant variation (Fig. 4) .
360
The implication is that the leaching procedure used here does not cause alteration to the 361 relative distribution of primary minerals.
362
The procedure for the removal of the clay-sized fraction will remove particles < 2 µm, 363 regardless of mineralogy. Therefore, even primary minerals within the 0-2 µm size fraction 364 will be removed. As the relative distribution of primary minerals in the residue is not affected 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 contain the most redistributed uranium from the fluid phase, which is expected to be enriched 437 in 234 U due to recoil ejection and preferential leaching (Fleischer, 1982; Kigoshi, 1971) .
438
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639
Leached fraction Reagents Process 1) Exchangeable/adsorbed/organics Sodium hypochlorite at pH 7.5 (15 ml/g of sample)
Add reagent to the sample. Heat in the oven at 98°C for 30 minutes. Centrifuge at 7000 rpm for 15 minutes then discard the supernatant. Repeat these steps, add 10 ml ultra-pure water and centrifuge to rinse 2) Carbonates 1 M sodium acetate, adjusted to pH 4 with acetic acid (10 ml/g of sample)
Add reagent to the sample. Agitate at room temperature for 2 hours using a rotary mixer.
Centrifuge at 7000 rpm for 15 minutes and discard supernatant. Repeat these steps.
Afterwards add 10 ml ultra-pure water, centrifuge at 7000 rpm for 15 minutes then discard the supernatant. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49 21 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 22 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 Table 2 . The labels on the x-axis follow the phase extraction steps for sequential leaching and clay 682 removal outlined in Table 2 . 2σ internal analytical errors (shown) are similar to the symbol on the x-axis follow the phase extraction steps detailed in 
